Background: Sentinel lymph node (SLN) staging is currently used to avoid complete axillary dissection in breast cancer patients with negative SLNs. Evidence of a similar efficacy, in terms of survival and regional control, of this strategy as compared with axillary resection is based on few clinical trials. In 1998, we started a randomized study comparing the two strategies, and we present here its results.
introduction
Until few years ago, axillary lymph node dissection (ALND), together with resection of the primary tumor, was the standard procedure used in the surgical management of breast cancer patients, as well as the routine method for axillary node staging. The pathological stage of the axillary nodes represents a major prognostic factor in early breast cancer and is crucial in the decision on the need and type of adjuvant therapy. However, complete axillary dissection often results in significant physical morbidities and psychological distress [1] .
A decade ago, the technique of visualization, identification and intraoperative analysis of the sentinel lymph node (SLN) opened new perspectives in the management of early breast cancer patients [2, 3] . From these early studies, it appeared that SLN staging could predict the status of the axillary nodes and that patients with negative SLNs may be spared total axillary dissection [4, 5] . At the time the present study was started, the evidence in support of the use of the SNL procedure in place of standard axillary dissection was inadequate for the standards currently used to introduce a new technology in routine clinical practice. We thus carried out, in a population of early breast cancer patients, a randomized comparison of sentinel lymph node biopsy (SLNB) followed by routine axillary dissection with SLNB followed by axillary dissection when the SLN was found metastatic. The study was designed as a noninferiority trial. Although it is underpowered, the results support the evidence of the efficacy of SLNB for axillary staging in early breast cancer and indicate that this procedure is equivalent to routine axillary dissection, in terms both of overall survival (OS) and regional recurrence. Noteworthy, even today, while the beneficial short-term effects of SNL on quality of life have been clearly demonstrated [6] , reliable information on longterm morbidity and mortality associated with its use is still lacking [1] .
materials and methods

patient population
The present single-center randomized study was conducted at the National Cancer Research Institute of Genoa, Italy. Patients were enrolled according to the following eligibility criteria: age 18-75 years, primary invasive breast carcinoma as revealed by mammography and cytohistology, clinically negative axillary lymph nodes and unifocal tumor sized £3 cm as estimated by ecography. At the time we started this study, on the basis of the SLN validation study of Krag et al. [4] , we considered this size as the cutoff dimension above which patients were to undergo standard axillary dissection because of their higher risk of bearing metastatic lymph nodes. Patients were also excluded from the study if they had undergone previous surgery on the same breast or on the ipsilateral axilla or if they were suffering from chronic life-threatening disease possibly preventing adjuvant therapy. study design, randomization procedure and end points
Patients were randomly assigned to undergo, together with breast surgery, either SLNB and ALND or SLNB followed by ALND only if the SLN was found positive at the intraoperative evaluation.
Randomization was carried out at the time of surgery by phoning the data-coordinating center at the Epidemiology and Clinical Trials Unit of the Institute where the data manager verified patient eligibility and communicated the allocated treatment. Treatment allocation was carried out in a 1 : 1 ratio according to a computer-generated randomization list. The study had been approved by the Ethical Committee of the Institute and was conducted in accordance with the International Good Clinical Practice Guidelines. All patients were aware of the aims and procedures of the study and signed an informed consent.
The main objective of the study was the comparison of event-free survival (EFS) and OS between the two arms at 5 years from surgery. An additional endpoint was the evaluation of the frequency of axillary recurrences in patients of the SLNB arm and did not undergo axillary dissection. Secondary analyses, conducted in the ALND arm, focused on the evaluation of the sensitivity and predictive value of the SLN procedure with respect to the presence of axillary metastases.
SLN identification and intraoperative evaluation
All patients underwent SLN dissection and intraoperative evaluation. The SLN was identified both by breast lymphoscintigraphy and lymphatic dye mapping. A peritumoral injection of 0.2 mCi of 99m Technetium (Nanocol, Amersham-Sorin Biomedica, Saluggia, Italy) was carried out the day before surgery; an additional peritumoral s.c. injection of blue dye (Patent Blue-V) was carried out at the time of surgery. Through a small axillary incision, the radioactive SLN was localized with a c-ray detecting probe and removed for immediate intraoperative search for metastases. The SLN was bisected along its major axis and five pairs of frozen sections, each 4-lm thick, were cut every 10 lm in each half of the node. The first, third and fifth sections were stained with hematoxylin-eosin. If this histological evaluation resulted negative or ambiguous, the second and the fourth sections were tested by immunohistochemistry for the presence of cytokeratins [EPOS (Enhanced Peroxidase One-Step) method with cytokeratin MNF116 mAb and horseradish peroxidase (Dako, Milan, Italy)]. The remaining tissue was paraffin embedded for definitive postoperative evaluation. Any patient whose SLNs could not be identified was subjected to axillary dissection, independently of the treatment assigned.
surgery, adjuvant therapy and follow-up
Mastectomy or conservative quadrantectomy was carried out according to standard criteria. Only patients who underwent conservative surgery received radiotherapy to the ipsilateral breast (50-Gy dose over 8 weeks).
No radiotherapy to the axilla was carried out. The choice of adjuvant chemo-and/or hormone therapy regimen, when given, was based on the main prognostic factors of the primary tumor (nodal status, tumor size, tumor grading, hormonal receptor status). Follow-up included clinical examinations every 4 months for the first 3 years, every 6 months for the next 2 years and once a year thereafter. A mammography was scheduled annually. In case of clinically suspected lymph nodes, an axillary ecotomography was carried out, followed by a needle biopsy aspiration for cytological examination when deemed necessary.
statistics
The main objective of the study was to evaluate whether the choice of not carrying out axillary dissection in patients with intraoperative negative SLN could ensure to those patients a prognosis equivalent to that expected for patients undergoing routine axillary dissection. The primary end point was EFS, and sample size estimates were based on an expected 5 years of 80% in the control ALND arm based on published data and on our own previous experience. The study was designed as a noninferiority trial, with the aim of rejecting the null hypothesis that the experimental treatment was associated with an absolute decrease in disease-free survival of 4% (hazard ratio = 1.21) due to the reduction in the use of adjuvant chemotherapy in falsenegative patients in the SNLB arm. Setting a study power at 90% for a onesided a error of 0.025 and considering both accrual and follow-up periods of 5 years, together with an estimated annual lost-to-follow-up rate of 2%, we established that 2570 patients were to be enrolled in the study.
EFS was calculated from the date of surgery to the date of occurrence of any of local, controlateral, regional node or distant relapse or death from any cause, whichever came first. OS was estimated as the time interval between the date of surgery and the date of death from any cause. In both analyses, survival times of patients free from relapse and/or alive at last examination were censored at that date.
EFS and OS curves were obtained using the Kaplan-Meier method, and differences between arms were assessed by the log-rank test. Differences between the two arms in baseline prognostic factors were assessed by the Pearson chi-square test or the Fisher's exact test. Two-sided P values and/or 95% confidence intervals (CIs) are reported. All statistical analyses were based on the intention-to-treat approach, in that all patients, after the exclusion of ineligible patients, were included in the treatment arm assigned at randomization, regardless of the treatment actually received. Analyses were carried out using the SPSS package (version 14.0 for Windows) results
patients' characteristics
From November 1998 to October 2001, 248 patients were consecutively enrolled in the study and 124 were randomly assigned to each of the study arms ( Figure 1 ). This number is far below the projections indicated above; indeed, enrollment was prematurely interrupted when patients became aware of the early promising results of the SLNB technique [5, 7] as they were increasingly refusing randomization in a study where routine axillary dissection was one of the alternative treatments. In each arm, nine patients were excluded from evaluation because of an inadequate presurgery cytology that should have precluded their eligibility. In the SLNB arm, three more patients were excluded because the intraoperative examination revealed the presence of a multifocal lesion. In the same arm, two more patients who were eligible could not be evaluated because postsurgical pathology revealed that the lesion was benign. The final number of assessable patients was 225, among whom 115 (51.1%) were allocated to the ALND arm and 110 (48.9%) to the SLNB arm. Among these 225 patients, only two underwent total mastectomy; all the others received conservative breast surgery.
The main patient and tumor characteristics are summarized in Table 1 . It should be noted that two patients, one in each original article Annals of Oncology arm, were staged pTis upon definitive diagnosis; these two patients were maintained for final evaluation because at randomization they were meeting the eligibility criteria. Patient distribution in the two arms was similar with respect to all the prognostic factors (P values: 0.112-0.978).
identification of the SLN and evaluation of the axillary status A total of 405 SLNs were removed from the 225 patients (mean 1.80 per patient), 211 nodes in the ALND arm (mean 1.83 per patient) and 194 nodes in the SLNB arm (mean 1.76 per patient). A mean of 12.7 nonsentinel nodes per patient were removed from the 148 patients who underwent axillary dissection.
Through intraoperative scintigraphy, no radioactive SLN was revealed in three patients ( Table 2 ). All three patients, including two allocated to the SLNB arm, underwent routine axillary dissection, and macrometastases were found in the axilla in all of them. Upon intraoperative evaluation, no isolated tumor cells (groups of cells £ 0.2 mm) were found in any of the SLNs analyzed. Instead, micrometastasis (foci > 0.2 mm but £2 mm) and macrometastases (foci > 2 mm) in the SLN were found in 9 and 40 patients, respectively. In all these cases, the intraoperative diagnosis was confirmed at the definitive histological examination. In the ALND arm, none of the six patients with micrometastatic SLN and 10 (55.6%) of the 18 patients with macrometastatic SLN presented metastases in the axilla. As for negative patients, in the ALND arm, we have distinguished three classes of negative patients with respect to the SLN status: (i) 79 true-negative patients with a negative SLN both at intra-and postoperative examination and no metastasis in the axillary nodes; (ii) three patients whose SLN was negative at intraoperative evaluation but was found positive with micrometastases at the definitive examination and (iii) eight true false-negative patients with a negative SLN both at intra-and postoperative diagnosis, but with metastases in the axilla: Out of them, two patients had axillary micrometastases, two patients had one macrometastatic axillary node and four patients had more than one node involved.
In the SLNB arm, two (66.7%) of the three patients with micrometastatic SLN and 10 (45.5%) of the 22 patients with macrometastatic SLN had also metastatic axillary nodes. In the SLNB arm, in six patients, SLN was negative at intraoperative evaluation but was found positive with micrometastases at the definitive examination. Among them, four and two patients had micro-and macrometastases, respectively.
To summarize the number of axillary dissections carried out in the whole population, all 115 patients in the ALND arm and 33 patients (30%) of the 110 patients in the SLNB arm underwent the procedure (two patients with SLN not visualized, six patients with false-negative SLN and 25 patients with a SLN found positive). As scheduled, the remaining 77 (70%) patients in the SLNB arm with a negative SLN at definitive examination were spared complete axillary dissection.
Overall, in the ALND arm, the procedure of intraoperative evaluation of the SLN had a sensitivity of 68.6% and a specificity of 100%. Taking into account the three SLNs that resulted positive only at the definitive evaluation, sensitivity was 77.1% (27 of 35 patients with positive nodes were identified). The negative and positive predictive values were 91.1% and 100%, respectively. The overall accuracy of the SLNB procedure was 93.0% (correct in 106 of the 114 assessable patients).
EFS and OS
At a median follow-up of 5.5 6 1.4 years, 22 unfavorable events occurred, 12 in the ALND arm and 10 in the SLNB arm (Table 3) .
One ipsilateral breast recurrence was observed in the SLNB arm. It was treated with surgery alone. Contralateral primary tumors developed in four patients, three in the ALND arm and one in the SLNB arm. All these five patients were still alive at the end of the observation period.
No overt axillary metastasis was observed in the SLNB arm. In the ALND arm, axillary recurrence occurred in only one patient 3.1 years after surgery; this patient died 161 days after diagnosis of the recurrence.
Six patients in each arm developed distant metastases. Four of them (one in the ALND arm and three in the SLNB arm) died at 153 days, 148 days, 10 months and 4.7 years from relapse, respectively. Four more patients, two in each arm, died without disease recurrence.
The overall annual rate of events was 18.6 per 1000 patients in the ALND arm and 16.2 per 1000 patients in the SLNB arm (risk ratio of SLNB versus ALND = 0.87, 95% CI 0.38-2.01, P = 0.741). Accordingly, 5-year EFS was not statistically different between the two arms ( Figure 2A ; ALND arm: 89.8%, 95% CI 86.9% to 92.7%; SLNB arm: 94.5%, 95% CI 90.9% to 98.1%; log-rank P = 0.715). 
Annals of Oncology original article
Patients with negative or micrometastatic SLN showed a similar incidence of events ( Figure 2B , 5-year EFS of 93.5% and 93.8%, respectively, P = 1.0) whereas this rate was significantly higher in patients with macrometastatic SLN (5-year EFS of 85.9%, P = 0.012).
Over a mean follow-up period of 5.6 6 1.3 years (median of 5.6 and 5.7 years in the ALND arm and SLNB arm, respectively), nine patients died among whom four in the ALND arm and five in the SLNB arm. Five-year OS was 97.2% (95% CI 95.4% to 98.9%) in both arms (Figure 3 , log-rank P = 0.697).
discussion
The accuracy of the SLNB procedure in predicting the axillary status in patients with early-stage breast cancer and clinically negative lymph nodes has been demonstrated in at least four studies [3, 4, 7, 8] . Based on their results, in these patients, a negative SLN is considered sufficient to rule out metastases in other axillary nodes and to avoid further axillary dissection. This leads to reduced short-term morbidity and improved quality of life [6, 9, 10] . Today most clinical guidelines [e.g. 11] include appropriate SLN identification and sampling procedure in their recommendations. Yet, information on the long-term effects of a surgical strategy based on SNLB, as compared with routine ALND, is still inadequate. The present study was designed at a time when this information was not available at all. It was designed as a noninferiority trial analyzing theoretically 2750 enrolled patients. Despite an accrual much lower than what had been prospected, thus rendering the study underpowered, the results provide further support to the hypothesis that SLNB not only reduces the need for complete axillary dissection without compromising long-term outcome but also confirms that crucial questions still need to be answered.
The sensititvity of the SLN procedure (77.1%) and the negative predictive value (91.1%) we observed were lower than those reported in two other randomized trials (>96.0% and >95%, respectively) [12, 13] . However, a sensitivity as low as 70% has also been reported [14, 15] . These differences may be due to chance because of the small size of our own study. Other a ALND = sentinel lymph node (SLN) biopsy followed by axillary dissection; SLNB = sentinel lymph node biopsy followed by axillary dissection, if SLN found positive. b Pearson chi-square test for heterogeneity. c In these patients, c-erB-2 status was not determined because the assay was not yet routinely carried out at the time of the study. ALND, axillary lymph node dissection; SLNB, sentinel lymph node biopsy; ER, estrogen receptor; PgR, progesterone receptor.
original article Annals of Oncology factors influencing the sensitivity are higher patient age (>50 years) often associated with more fatty nodes, which prevents retention of the radioactive tracer [4] , low number of SLNs resected [13, 16, 17] , location of the tumor in the outer quadrant of the breast [4, 13, 17] , presence of heavily metastatic nodes causing a lymphatic blockage and deviating the tracer to nodes free of disease [4, 13] . In the ALND arm, all the eight patients with a negative SLN, as confirmed at postoperative examination, but with metastases in other axillary nodes had one or more of these characteristics. In three patients, the SLN was not visualized and was thus not staged. b ALND = sentinel lymph node biopsy followed by axillary dissection; SLNB = sentinel lymph node biopsy followed by axillary dissection, if SLN found positive. c Intrasurgery diagnosis: evaluation on frozen sections, when available. d Postsurgery diagnosis: evaluation on paraffin-embedded sections. e True negative: patients with SLN negative both at intra-and postsurgery, without metastases in the axillary nodes. f Not evaluable. g True false negative: patients with SLN negative both at intra-and postsurgery evaluation, but with metastasis in other axillary nodes. h False negative: patients with SLN negative at intrasurgery evaluation but positive at postsurgery diagnosis.
SLN, sentinel lymph node; ALND, axillary lymph node dissection; SLNB, sentinel lymph node biopsy; neg, negative; pos, positive. 
Annals of Oncology original article
Yet, it must be underlined that this finding of eight falsenegative patients (8.9%) of the 90 patients with a negative SLN in the ALND arm, together with the findings from other trials, indicates that between 1 of 10 and 1 of 20 patients not undergoing axillary dissection because of a negative SLN is indeed node positive. In terms of sensitivity, this implies that more than one-fifth of the patients with axillary metastases in the ALND arm are not recognized by SLN. In many of these cases, adjuvant treatments will either not be used or modified because of the falsely negative result. It has to be considered that the relative efficacy of adjuvant treatments appears to be independent of nodal status and that the indication to limit their use to node-positive (and high-risk node negative) patients is dictated only by the low risk of relapse of most nodenegative patients and by the consequent imbalance between the benefits and the toxicity of these treatments. Should it be confirmed that SLN-negative, node-positive women carry a risk of relapse comparable to that of all node-positive women, it could be speculated that these women are denied an effective treatment based on a false-negative SLN result.
This consideration has three implications: (i) All case series and trials in which both SLNB and ALND were carried out systematically in all patients should be reviewed, to assess if the absolute risk of relapse of SLN-negative, ALND-positive patients resembles that of node-negative patients or approaches that of node-positive patients. (ii) It should be clear that the overall results of trials comparing groups of women undergoing either procedure, though reassuring, did not have the power to detect relapse-free-survival differences arising from a different use of adjuvant therapies in false-negative patients. In fact, if we assume that adjuvant treatments are associated with a risk reduction of 25% and that 7% of all randomized patients with a false-negative SLN do not receive adjuvant therapy in the SLNB arm and do receive it in the ALND arm, we can estimate a relative risk reduction in the overall study population of <2%. Differences of this order of magnitude require trials of a size much larger than that of those supporting the safety of SLN procedure. (iii) Based on these considerations, predictors of axillary node positivity should be developed, in order to limit the use of the SLN procedure to women at low risk of bearing metastases in the axillary nodes. This would not affect the sensitivity of the procedure, but would increase its negative predictive value and the unfavorable consequences of its use.
A main issue still debated is the clinical significance of micrometastases in the SLN and their prognostic value on Kaplan-Meier curves for overall survival. ALND, axillary lymph node dissection; SLNB, sentinel lymph node biopsy; N, number of patients at risk; OS, 5-year overall survival with 95% confidence intervals (CIs) in parentheses; P value from log-rank test (two sided), 0.679.
original article Annals of Oncology recurrence and survival. Of the 58 patients with a positive SLN, 16 had micrometastases and 14 of them having a tumor >1 cm. All 16 patients underwent axillary dissection and at least one additional lymph node involved was found in 11 cases (68.8%). This finding strengthens the recommendation to carry out routine axillary dissection in this subgroup of patients even if, in the present setting, they showed a rate of breast-related events similar to that of SLN negative ( Figure 2B) .
The overall annual rate of unfavorable events (Table 3) , the cumulative incidence of events (Figure 2A ) and the OS ( Figure  3) were not statistically different between the two arms. These results go in line with those from previous randomized trials [6, 15, 18] or nonrandomized studies [19, 20] , but in light of the above considerations, are not fully reassuring since they might conceal a nonnegligible increase in risk in a tiny proportion of women who do not receive full adjuvant therapies because of a falsely negative SNL procedure. Also the assessment of the true diagnostic accuracy of the SLN procedure outside clinical trials would be desirable, but it may prove impossible to obtain, for ethical reasons, as it would require systematic axillary dissection in large series of SLN-negative patients.
In conclusion, the results of our settings, in terms of EFS and OS, go in line with the concept that SLNB is an efficient tool for staging assessment of early breast cancer in this subset of patients with a tumor dimension of <3 cm at presurgery diagnosis and with clinically node-negative disease. In particular, the low recurrence rate in the SLNB arm, comparable to that following conventional ALND, supports the emerging consensus that complete axillary dissection could be safely omitted in SLN-negative patients, thus sparing them the known immediate sequelae of axillary surgery. However, pooled long-term results of randomized studies are awaited to definitely confirm the comparability of SLNB and ALND in terms of OS and incidence of nodal failure and the improved quality of life associated with SLNB.
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